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HYDRAULIC VALVE WITH A PIEZOELECTRIC DISC 

The present invention relates to a hydraulic valve for controlling flow 
rate. or pressure including at least a translationally mobile flap between a 
closed position in contact with a seat and an open position at a distance from 
the latter, the displacement of said flap being controlled by a piezoelectric 
5 part. 

Hydraulic valves including a piezoelectric component are already 
known and used. The existing solutions for example include piezoelectric 
bars which develop a very large force but provide a small displacement. This 
bar configuration however has drawbacks: such a part, considering its 

10 volume, tends to expand under the effect of an increase in temperature, and 
it is therefore necessary to provide temperature compensation. The latter is 
notably achieved by the existence of a hydraulic cushion located between the 
bar and the mobile part of the valve. 

Moreover, the significant force generated by such biars, for example of 

15 the order of 2,000 N for bars with a length of 30 mm, and which is notably 
due to an amplification effect resulting from the geometry of the part, may 
cause wear of the components of the valves which are equipped with them 
or, at the very least, may have an effect on the tolerances of said 
components. 

20 The ageing of the bar component may change its length on the one 

hand, and cause a disturbance of the valve because of the change of the 
relative positions of the flap and its seat: a valve basically closed for zero 
voltage may no longer be able to close properly, etc. 

The designers of such valves have provided systems for 

25 compensating or finding a remedy to these drawbacks, systems which 
however make the solenoid valve substantially more complicated. This is all 
the more true that always because of its elongated structure, the bar should 
be pre-stressed. This axial pre-stress has the purpose of always having the 
bar work in compression, even when it lengthens, in order to improve its 

30 characteristics and its life time. 

Finally, in order to obtain short response times upon opening and 
closing the valve, which is the main sought-after goal when the piezoelectric 
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component is integrated into a valve, a return string should be added, which 
assists in bringing the components back against the piezoelectric bar when it 
resumes its initial length. The operation and development of the solenoid 
valves because of all these related constraints, are complicated. 
5 As an alternative to the bar configuration, valves were equipped with 

piezoelectric double strips, which have the main advantage of providing 
larger strokes (of the order of 1 mm). But the force developed by such a 
double strip is small (of the order of 10 N), which proves to be a penalty. At 
least one spring for reducing the response time, should always be provided 

10 at least in one direction. 

The piezoelectric double strip configurations are further fragile and 
require specific structures which substantially complicate them so that the 
number of operating cycles may increase. 

The object of the present invention is to propose a much simpler and 

15 reliable configuration which notably avoids the use of additional systems, i.e., 
not directly dedicated to the main function exerted by the valve. The goal is 
also to reduce the costs, notably by suitably selecting the piezoelectric 
component. 

For this purpose, the hydraulic valve for controlling flow rate and 
20 pressure of the invention is mainly provided with a piezoelectric part as a ring 
disc. 

This part, in addition to its compactness, and consequently its cost 
price much less than that of the aforementioned bars, provides multiple 
advantages. Firstly, it has no need to be mechanically pre-stressed in order 

25 to operate. Next, it does not require any temperature compensation, 
temperature differences do not produce any significant effect on it. It also has 
a response time which is very favorable for applications in hydraulic valves. 
Its ageing is finally not expressed by dimensional changes capable of 
generating malfunctions. 

30 The axial force/displacement ratio is further quite suitable for this type 

of application. The ring discs actually develop an axial force and 
displacement respectively larger than that produced by double strips and 
bars (for example 100 microns for 200 volts) which makes them particularly 



well adapted components, moreover they may be easily integrated in many 
configurations of hydraulic solenoid valves. 

Preferably, in order to efficiently benefit from the good compromise 
provided by the ring disc in terms of exerted axial displacement force, the 
axis of the ring disc in the hydraulic valve of the invention is parallel to the 
translational axis of the valve. 

The axisymmetry of said ring disc actually results in that the resultant 
of the forces is localized on the axis of the ring disc. It is along this axis that 
the maximum displacement further occurs. It is therefore preferable to 
operate in this direction. 

Multiple configurations and alternatives of valves based on such a ring 
disc are of course possible according to their destinations, the flow rates or 
pressures to be handled, etc. For example, the hydraulic valve may be 
pressure-compensated notably for reducing the forces on the parts. 

According to one possibility, a first needle may be fixed to the 
piezoelectric ring disc, capable of blocking a first port connecting a low 
pressure hydraulic chamber to a high pressure hydraulic chamber, the flap of 
the valve consisting of a second needle blocking a second port connecting 
the high and low pressure chambers respectively. When the first needle 
opens the first port, balancing of the pressures between the low pressure 
chamber and the high pressure chamber occurs gradually, which leads to a 
displacement of the second needle, i.e., of the flap, which moves away from 
its seat. Conversely, when the first needle again closes the port, pressure 
again increases upstream from the second needle, i.e., from the flap, which 
again closes in contact with its seat. The more the first needle closes, the 
more the closing force applied to the flap increases. The reverse occurs upon 
opening, in both cases by means of different sections of the needle. 

It should be noted that this type of solenoid valve, in the design shown, 
does not actually have a proportional behavior. When the voltage across the 
terminals of the ring disc is increased gradually, the first needle begins to 
open because of the deformation of the piezoelectric ring disc, and the 
second needle completely opens when the displacement of the ring disc is 
sufficient to cause the pressure to drop in the high pressure hydraulic 
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chamber. From this moment onwards, if the voltage applied to the 
piezoelectric component is further increased, the valve will not open further. 

To simulate the proportionality, the valve needs to be controlled 
through cycles, by a signal at a frequency which is compatible with the 
5 response time of the piezoelectric ring disc, so that the valve is actually 
controlled by said signal, the duty cycle is then variable and the frequency is 
fixed. This control possibility is only possible because the valve, owing to the 
piezoelectric ring disc, is fast. This rapidity, obtained at a low cost, leads to 
good accuracy for controlling the flow rate or the pressure, according to the 
10 case. 

The aforementioned pressure compensation configuration further 
allows a highly simplified initial mechanical adjustment because both needles 
are independent of each other and have a specific mechanical relationship 
with the valve. 

15 Preferably, the first needle is fixed at the centre of the ring disc, and 

has a displacement axis coinciding with the axis of the ring disc. With this 
configuration, the yield may be optimized by making the most out of the 
geometrical characteristics of the ring disc: the displacement and the exerted 
force are maximum along this axis. 

20 The second needle, i.e., the flap, is mobile and translationally guided 

between its seat and an abutment located along the axis of its displacement, 
opposite said seat. 

The pressure difference therefore only allows it to translationally move 
along one direction, and in both directions depending on the relative state of 

2 5 the pressures in the high pressure chamber and in the low pressure 
chamber. 

According to the invention, the second needle forming the flap 
includes an internal axial cavity opened on the outside. With this cavity, the 
mass of the flap may be reduced, and therefore its inertia may be reduced 
30 and consequently the response times upon opening and closing. 

More preferably, said cavity includes two apertures respectively positioned 
opposite and in proximity to the portion of the needle which cooperates with 
the seat of the flap, located in the same hydraulic chamber, with the same 
purposes as before. 
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According to one possibility, access to the first port, i.e., the one which 
may be blocked by the first needle fixed to the ring disc, is partially blocked in 
the high pressure chamber by a part which substantially restricts the passage 
of the fluid which should cross a channel with a small diameter, less than that 
5 of said first port, therein. 

With such a restriction, it is possible to obtain the effect of a spring, but 
without its drawbacks. It will be seen subsequently that it is however possible 
to design a version of the valve of the invention with a spring notably with 
which fast closing of the valve may be promoted. 

10 With the version of the valve of the invention with pressure 

compensation, as explained before, effected on high pressure, the 
aforementioned problems of parasitic thermal expansions and of changes in 
tolerance may be avoided without however substantially changing the 
response rate of the valve. 

15 Balancing of the pressures is actually effected very rapidly, as the 

volumes of the hydraulic chambers are small, particularly at the seat of the 
valve and behind the needle. With this, it is also possible to reduce the 
hydraulic jerks on the moving parts, and to protect them from wear which 
would result from this. 

20 It is also possible to apply a version with direct actuation of the flap, in 

which the latter consists of a needle directly fixed to the ring disc and capable 
of blocking a single port connecting a high pressure hydraulic chamber to a 
low pressure hydraulic chamber. 

In this type of so-called direct valve, the design should be more 

2 5 focused on the possibility of refining the mechanical adjustments, which may 
be more delicate to carry out. The main advantage is to lead to a slight 
reduction in the response time, both for opening and closing the valve. 

In this direct configuration, the needle forming a flap is preferably 
located in the high pressure chamber. In both versions of the invention, the 

30 piezoelectric ring disc is located in the low pressure hydraulic chamber. 

In other words, in both cases, the needle forming the flap is located in 
the high pressure chamber whereas the piezoelectric component which 
controls said flap, is located in the low pressure chamber. This structure is 
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not strictly necessary, but it is essential because it is both more immediate 
and easier to apply. 

As mentioned earlier, a spring may be applied against the 
piezoelectric ring disk in order to exert a return force stressing said disk in the 
5 direction for closing the port controlled by the needle which is fixed therein. 

Chiefly, with this spring, it is basically possible to reduce the response 
time upon closing. However, it should be recalled that, taking into account the 
design characteristics of the valve of the invention and of the operating 
choices made, said valve perfectly operates without any spring. 
10 Among said selections, the solenoid valve with piezoelectric 

components may belong to two groups of solutions: a group of configurations 
in which the flap is closed for a zero control voltage and a second group 
which gives greater importance to the inverse assumption. 

Preferably, the hydraulic valve of the invention belongs to the, first 
15 named group, i.e., the valve is closed when the voltage across the terminals 
of the piezoelectric ring disc is equal to zero. 

This selection moreover conditions a certain number of design options 
which are stated in this description, notably combined with another feature 
used within the scope of the invention, i.e., the ring disc is deformed at zero 
2 0 voltage so that it has a concavity directed towards the needle which is fixed 
to it. 

With this pre-stress, it may in this case exert a closing force on the 
needle which is fixed to it, by a spring effect, without however impeding the 
displacement of the ring disc in the direction of the opening and under the 
2 5 effect of the voltage. 

Under these conditions, the maximum force of the piezoelectric ring 
disc is exerted for zero displacement. When the movement is initiated, the 
displacement of the ring disc increases, and the available force decreases. 
But this is no longer a problem because the necessary operative force is also 
30 reduced, because of the pressure compensation provided by the invention. 

With this design, it is also possible even in the absence of a spring, to 
accelerate the closing, since the closer to the closing position, the more the 
force increases. This goes in the direction of maximum efficiency for 
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guaranteeing the seal upon closing as the inertia of the mobile part of the 
valve is accelerated during the instants when this is most necessary. 

Moreover, according to a possibility, the ring disc may have ports 
distributed over its crown. This feature also promotes rapid displacement as 
5 the holes in the crown promote the passage of fluid, which reduces the 
resistance to motion. 

To summarize, with the configuration of the invention based on the 
use of a piezoelectric ring disc, the volume of the piezoelectric material may 
be reduced, and therefore the cost of the whole, but also sufficient force and 

10 axial displacement may be made available for use in a hydraulic valve. The 
advantage of the use of such a component is notably the rapidity of the 
response time which it provides, and the improvement in the accuracy of the 
(flow rate and/or pressure) adjustment which results therefrom. The tolerance 
problems on a piezoelectric component no longer exist, with which upon 

15 assembly, closing of the valve may notably be easily provided when the latter 
belongs to the group of solutions with a closed flap when the current is zero, 
a closing further being guaranteed by the force due to the deformation of the 
ring disc. The maximum force, provided in the absence of a control signal, 
further imparts, a favorable drive to the needle, in the perspective of the 

2 0 response rapidity in the presence of a signal. 

As opposed to solutions based on piezoelectric bars, the ring discs are 
not subject to any substantial dimensional change when they age. Their 
shape with a surface appearance further guarantees their flexibility and a 
compact solution may be applied. Finally, it is no longer to proceed with 

2 5 mechanical amplification, and therefore one can get rid of any system for this 
purpose. 

The absence of additional systems for compensating the 
aforementioned problems leads to a solution with less parts, therefore much 
less costly than the solutions of the prior art, and more reliable. 
30 The invention will now be described in more detail, with reference to 

the appended figures for which: 

Fig. 1 is a longitudinal sectional view of a hydraulic solenoid valve 
according to the invention, in a version with pressure compensation; 
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Fig. 2 illustrates an alternative of the configuration of Fig. 1 integrating 
a spring acting on the subset containing the piezoelectric ring disc; and 

Fig. 3 shows an alternative with direct actuation of the flap of the 

valve. 

With reference to Fig. 1, the solenoid valve (1) of the invention is fixed 
to a case (2) including a conduit for introducing high pressure fluid (3) on the 
one hand, and a low pressure fluid outlet conduit (4) on the other hand. The 
operation of this solenoid valve is based on the existence of a piezoelectric 
ring disc (5) to which is attached a first needle (6) provided for blocking a port 
(7) separating a high pressure hydraulic chamber (8) from a low pressure 
hydraulic chamber (9) in which said piezoelectric ring disc is found (5). 

With a second needle (10), it is possible to block the end of a channel 
(11) connecting the high pressure hydraulic chamber (8) to the low pressure 
hydraulic chamber (9). As in reality, this second needle (10) is the flap of the 
hydraulic valve of the invention, the seat of said flap, where the channel (11) 
opens out, is positioned in a part (12) also achieving the translational guiding 
of the flap (10), thereby facilitating the initial adjustments. Said translational 
displacement is limited by the aforementioned seat on the one hand, and by 
a part (13) on the other hand, in which the port is provided (7), blocked by the 
needle (6). The nature of the mechanical relationships between the different 
customary components of the solenoid valve of the invention, as well as with 
the intermediate connecting parts, for example for fixing the first needle (6) to 
the piezoelectric ring disc (5), or the sealing modes (by an O-ring) between 
said components, are considered to be conventional and therefore known, 
and so will not be detailed in the present description. 

Operation is as follows: when the current powering the piezoelectric 
ring disc (5) is zero, the needle (6) blocks the port (7). The flap (10) is itself in 
contact with its seat, and there is no possible communication between the 
low pressure hydraulic chamber (8) and the low pressure hydraulic chamber 
(9). On the other hand, when the current is non-zero, the piezoelectric ring 
disc (5) deforms upwards, and the needle (6) moves away from its seat and 
opens the port (7). Because of the communication between the high pressure 
hydraulic chamber (8) and the low pressure hydraulic chamber (9), pressure 
drops in the first mentioned chamber. As the pressures equalize, the 
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pressure correlatively increases in the low pressure chamber (9), 
downstream from the needle (10) forming the flap, which opens and unblocks 
the channel (11). 

It should be noted that the thereby described operation is not 
5 proportional, because even if the voltage is increased across the terminals of 
the piezoelectric elements, the needle (10) does not necessarily open further. 
However, by means of an electronic control with square signals, for which the 
duty cycle is variable and the frequency is set, it is possible to achieve 
proportional operation by the response rapidity of the valve, and more 
1 0 particularly of the piezoelectric component. 

In the configuration which is illustrated in Fig. 1, pressure control is 
achieved without any spring. Return of the flap (10) towards its initial position 
is provided by the pressure difference in the hydraulic portion of the valve. 

The fact that the. maximum force of the piezoelectric component is 
15 exerted for zero displacement provides acceleration of the displacement 
when the inertia of the mobile portion of the valve is significant, which goes in 
the direction of an acceleration of the response time of the valve. When the 
movement is initiated, the displacement increases and the available force 
from the piezoelectric element decreases, in adequacy with the residual force 
20 required for the operation, which is also reduced because of the pressure 
compensation. 

Fig. 2 relates to an alternative of the solenoid valve of Fig. 1, the only 
change consisting in introducing a spring (14) between the piezoelectric 
component (5) and a ring (15) integral with the case of the solenoid valve (1). 

25 Integration of the spring initially has the purpose of reducing the response 
time upon closing. However it is not detrimental to the rapidity of the opening, 
in particular, if more holes are added into the piezoelectric crown (5) which 
reduce its resistance to displacement. Indeed, the force due to the pressure 
and to the flow rate under said ring disc (5) and also under the needle (6), is 

30 directed upwards and increases when the stroke of the piezoelectric element 
and therefore the needle (6) increases. In fact, with this force, it is possible to 
keep the piezoelectric ring disc in its open position, in spite of the spring and 
in spite of the fact that at full stroke, the opening force of the piezoelectric 
element decreases. 
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When the voltage across the terminals of the piezoelectric element (5) 
is cut off, the spring contributes to closing. The ports, possibly provided in the 
crown of the piezoelectric element also promote, the passage of the fluid 
through said crown but in the opposite direction. 
5 Instead of or in addition to the spring (15), an additional part (16) may 

be also provided/positioned in the low pressure hydraulic chamber (8), inside 
the part (13) containing the port (7) and translationally guiding the first needle 
(6). This part (16) which limits the passage of the fluid towards said port (7) 
very substantially, creates a restriction to said passage with which the effect 

10 of a spring may be obtained, but without having its drawbacks, since it has no 
effect on the displacement of the piezoelectric component (5). 

The configuration shown in Fig. 3, is with a direct drive. In this case, 
the needle (10') forming the flap is made directly integral with the 
piezoelectric ring disc (5) via the shaft (17). Under this assumption, the highu 

15 pressure hydraulic chamber (8 1 ) is localized between a part (18) guiding the 
shaft (17), and the seat of the flap (10'), contained in an element (12') further 
contributing to its guiding. When the voltage across the terminals of the 
piezoelectric element (5) is zero, the flap (10') rests in contact with its seat 
provided in the part (12 f ). When the voltage is non-zero, the piezoelectric ring 

20 disc (5) deforms upwards, driving the shaft (17) and said flap (10'), which 
consequently moves away from its seat, and allows pressure exchange 
between the high pressure hydraulic chamber (8') and the low pressure 
hydraulic chamber (9'). 

In the so-called direct design, i.e., with a piezoelectric ring disc (5) 

25 directly made integral with the flap (10'), the mechanical adjustment may be 
more difficult to carry out than in the pressure compensation alternatives. The 
problem of leaks which may exist between the high pressure (8') and low 
pressure (9') hydraulic chambers respectively, should also be carefully 
considered. This being the case, such a design may contribute in reducing 

30 the response times upon opening and closing the valve. 

In all the alternatives shown earlier, the high pressure hydraulic 
chambers (8, 8') are for example submitted to a pressure of the order of 200 
bars, whereas the low pressure hydraulic chambers (9, 9') are at a pressure 
from 5 to 5.5 bars. The valves of the invention, which as already mentioned, 



provide flow rate or pressure controls, may for example be used in 
automobile injection systems (diesel or gasoline), but also in all the sectors 
where a fluid should be controlled in flow rate or in pressure, such as 
automobile braking systems, etc. 

The flow rates and the pressures may be significant (240 liters per 
hour and 2,000 bars for example) and the temperature of use may range up 
to about +130°C. With this technology, it is therefore possible to observe the 
constraints on use in an environment such as an automobile engine. The 
characteristics of the solenoid valves may of course be adapted to each 
intended use, for example by adapting the diameters according to the 
provided flow rates and pressures. 

Once again, the advantage of the piezoelectric technology, applied to 
these solenoid valves, is the rapidity of the response resulting in an 
improvement of the accuracy of this adjustment, whether in .flow rate or in 
pressure. Now, in the future, the response times required by this type of 
components will be increasingly reduced, and technologies based on coils, if 
they want to follow the trend, will be increasingly expensive. The use of 
piezoelectric elements in simple and not very costly configurations is 
therefore promising. 



